Experimental and observational research often involves asking consumers to self-report the impact of some proposed option. Because selfreported responses involve no consequence to the respondent for falsely revealing how he or she feels about an issue, self-reports may be subject to social desirability and other influences that bias responses in important ways. In this article, we analyzed data from an experiment on the impact of cigarette packaging and pack warnings, comparing smokers' self-reported impact (four-item scale) and the bids they placed in experimental auctions to estimate differences in demand. The results were consistent across methods; however, the estimated effect size associated with different warning labels was two times greater for the four-item self-reported response scale when compared to the change in demand as indicated by auction bids. Our study provides evidence that self-reported psychosocial responses provide a valid proxy for behavioral change as reflected by experimental auction bidding behavior. More research is needed to better understand the advantages and disadvantages of behavioral economic methods and traditional self-report approaches to evaluating health behavior change interventions.
Introduction
Experimental and observational research on the impact of communications and marketing often involves asking consumers to report the impact and efficacy of various options. Such assessments are often theoretically based, focusing on psychosocial concepts that mediate the relationship between message exposure and downstream behavioral change, such as knowledge, attitudes and intentions [1, 2] . The use of this approach is common in public health research, with many studies using self-reports to evaluate the impact of food and cigarette labeling policies, novel tobacco products and online gambling problems [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Because these self-reported responses involve no consequence to the respondent for falsely revealing how he or she feels about an issue, they may be subject to social desirability and other demand characteristics that bias responses in important ways [19] . To better understand the implications of different methods for assessing product regulation impacts on consumer perceptions and behavior, this study uses data from experimental auctions and post-auction surveys to compare adult smokers' self-reported psychosocial and behavioral responses to different warning labels and brand elements on cigarette packaging.
Background
Conceptual models of how communications, including product packaging, influence behavior suggest that their effects on affective and cognitive variables are greater than on more distal behaviors [20] [21] . In other words, most conceptual models posit that communication stimuli will have a weaker effect on behaviors than on the psychosocial variables that mediate the effect of the characteristic on the behavior. Furthermore, demand characteristics created by the data collection context may cause participants to over-report psychosocial responses. Hence, even if stimuli produce significant changes in self-reported perceptions or intentions, these changes do not necessarily translate into behavioral change. Some behavioral economics methods aim to address this issue by placing participants in situations with real financial consequences, thereby providing participants with enhanced incentives to provide truthful responses. For example, experimental auctions have been used for a wide array of topics, including the willingness-to-pay/willingness-to-accept disparity [22] , the value of information about genetically modified foods [23] and how pictorial labels on cigarette packages affect demand [24, 25] Increasingly, behavioral economics methods have been integrated into public health intervention development [26] [27] [28] . Research is needed to determine the consistency and implications of using these alternative approaches to estimating the behavioral impact of public health interventions. Behavioral economic research commonly assesses how demand for a product changes as a function of information transmitted through product packaging and promotional information. As such, the approach examines the relationship between product, promotions and price, which comprise three of the four 'Ps' used in social marketing approaches that have become increasingly popular with public health researchers and practitioners [29] . For communication interventions that involve product packaging, such as health-related labels, or provision of product information through other means, such as campaigns, behavioral economic methods provide a means for assessing their impact relative to price. For example, this research approach is well-suited to inform Food and Drug Administration regulations over cigarette and food labeling and marketing [30] , for which premarket research to estimate effects has often relied on consumer self-reports ( [31, 32] 
cites).
Economists who study non-market valuation (issues i.e., studies using non-market valuation attempt to place a value on items when a traditional market is not available) have written and published hundreds of studies using hypothetical 'stated preference' studies. These studies are used to value items where prices are not easily obtainable, and they cover a wide variety of topics, from the values of lakes and rivers [33] to the costs of the Exxon-Mobil oil spill [34] . Carson et al. [35, 36] list more than 1600 papers written using the contingent valuation method, which obtains hypothetical demand values from surveys by asking people about their 'willingness to pay' for a service or product. However, individuals generally inflate or overestimate their willingness to pay [37] . In other words, the self-reported values participants provide do not match behavior found in market settings.
The level of this bias has been the subject of numerous articles and debate. For example, a panel which contained two Nobel Prize winning economists recommended using a 'divide by 2' rule as a default rule [38, 39] , indicating that when asked a willingness to pay question on a survey, respondents (on average) would claim they are willing to pay twice as much as they would actually be willing to pay. Fox et al. [37] found willingness to pay responses were $50% higher than auction market bids for sandwiches but also determined that the type of product mattered. The level of bias was larger for a more controversial product (irradiated sandwich) than a less controversial product (regular sandwich). Other studies have also found survey responses did not match behavioral changes in the market. For example, List and Shogren [40] examined the gap between a person's 'willingness to accept' compensation to be harmed and found that what participants claimed they would need (hypothetically) was different than what they actually were willing to take. Other studies, while all acknowledging that substantial differences between M. C. Rousu and J. F. Thrasher self-reported responses and behavior have attempted to quantify the differences [41] [42] [43] [44] .
Experimental auction methods aim to overcome some of the limitations of 'willingness to pay' methods. In 2002, Vernon Smith won the Nobel Prize in Economics for refining experimental economics methods [45, 46] . A key benefit of experimental auctions comes from placing consumers in a real auction, with winners and losers, and where the winners 'pay' for products. This prevents hypothetical bias of 'willingness to pay' studies by providing financial consequences for self-reported valuation of a product. In experimental auctions, consumers assign monetary value to a product as an estimate of product demand. Since their bids are on a monetary scale, the variability of options potentially allows for greater sensitivity than standard selfreports of intention to buy. Hence, bids for the same product under different conditions can be used to estimate differences in product demand between conditions. This approach is ideal for estimating the changes in demand that could stem from implementing packaging and labeling policy alternatives. Recently, experimental auctions have been used to assess smokers' demand for low and nonicotine products [47] , for potentially reduced exposure products [48] , foods sold with different kinds of labels [23, 49] .
This study aimed to determine the consistency of self-reported psychosocial effects and auction bids estimating demand changes when adult smokers evaluated cigarette packs with different size and formats of health warning labels (HWLs), as well as when the cigarette packs contained no brand imagery or colors. This study is a secondary analysis of data from Thrasher et al. [25] and Rousu and Thrasher [50] . We expect labeling and packaging effects to be stronger for self-reported impact than for auction bids.
Methods

Experimental design
The data for this study are from Thrasher et al. [25] , where a full description of the experimental design is presented. The study protocol was approved by the IRB at the University of South Carolina. To recruit participants, tables were set up at grocery stores in four cities: Selinsgrove, PA; Columbia, SC; Tampa, FL; and San Diego, CA between May and September 2009. Eligible study participants were 18 and older, had smoked more than 100 cigarettes in their lifetimes, had smoked at least one cigarette in the last month and were not pregnant. Posted signs indicated that adult smokers could earn $15 for 15 minutes of their time. This money not only was enough to compensate them for their time but also ensured participants had money to place bids (and potentially purchase) products in the auction. Auctions were conducted with one to eight participants at a time, and a total of 402 participated, with each participant bidding on two different packs of cigarettes. Table I presents the characteristics of our sample.
The study involved assessing four HWL conditions (see Fig. 1 ), all with the same novel message (i.e. 'Smoking causes mouth cancer'), which is not currently on US HWLs: 1. text-only message that covered 50% of one side of the package (current US policy); 2. text-only message that covered 50% of the lower half of the front, back and one side of the package; 3. text message with pictorial image of mouth cancer, covering 50% of the lower half of the front, back and one side of the package; 4. the same text and pictorial image as in condition 3, but with color and symbolic brand elements removed, while maintaining the brand font, size and descriptors. Participants evaluated branded packs that are most popular within the three main tobacco product classes (i.e. Marlboro Red ¼ full flavor smokers; Marlboro Light ¼ light smokers; Newport ¼ menthol smokers) and were randomly assigned to different treatments that involved evaluating two of the four different packages, with type and order counterbalanced. For this study, we only report on the first package participants viewed and bid upon to avoid issues with ordering effects and anchoring that might occur both with bids and with the survey responses [51, 52] .
Participants first filled out a brief questionnaire on smoking behavior, after which study personnel Examining the relationship between psychosocial and behavioral proxies explained the auction (see below), including why it was in their best interest to bid actual value that they ascribed to the products, no more and no less. Any questions they had were answered and a practice auction round was conducted with a candy bar before proceeding with the auction.
Measurement
Demand. Participant bids for cigarette packages with different HWLs were collected using the demand revealing Becker-DeGroot-Marschak (BDM) auction mechanism [53] . Consistent with this approach, each participant was presented with and asked to bid on a cigarette pack. Once this was done, participants were presented with the second pack, and they bid on it. Next, the binding auction round (i.e. which pack would be auctioned) was randomly determined. Only one round was chosen as binding to avoid decreasing bids from demand curve effects [54] . The selected price was then randomly chosen from a uniform distribution, which ranged from $0.10 to $10.00 in increments of $0.10. If the participant bid more than this randomly selected price, she paid the selected price and received the package.
According to microeconomic theory, a bid obtained from the BDM mechanism represents a point on the consumer's demand curve [55] . The BDM mechanism is demand revealing, as the bid accurately represents a consumer's demand for a product [55] . Participants have an incentive to bid their actual value for the product, as bids that are higher than this value may result in paying too much for the product, whereas bids that are lower could result in their not obtaining the product at a favorable price (e.g. see Corrigan and Rousu [56] or Thrasher et al. [25] ). The benefit of using this auction mechanism is that bidding behavior (i.e. the bid price) captures consumer behavior, as long as it is reasonable to assume that the person who places the bid is the person who consumes the product, which in our case is very likely given that smokers are bidding on cigarettes.
This type of experimental mechanism has been shown to have validity in predicting consumer choices in the marketplace (i.e. have external validity). Chang et al. [57] tested both hypothetical and non-hypothetical mechanisms and found that a non-hypothetical experiment similar to the approach used here outperformed hypothetical mechanisms Participants in the control group had significantly higher income than other groups, at P < 0.05.
M. C. Rousu and J. F. Thrasher Examining the relationship between psychosocial and behavioral proxies and did a good job of predicting retail sales. Ding et al. [58] showed that bids from experimental auctions predicted non-hypothetical choices in external environments. Self-reported characteristics and perceptions of warnings. After participants viewed the cigarette package with the HWL and placed a bid on it, we asked participants four questions used in other studies of the perceived impact of the HWLs:
. 'Please tell me how much this health warning makes you think about the dangers of smoking', . 'How much does this health warning make you think about quitting smoking', . 'How much do you think this health warning would make other smokers think about quitting smoking' and . 'How much do you think this health warning would keep children from starting to smoke?'
Response options included 'Not at all', 'A little', 'Somewhat' or 'A lot', and Cronbach's alpha for these four items was 0.75. We intended to remove any item that decreased alpha (none did). Hence, we summed the scores to derive a scale for perceived HWL impact (the Table AI presents the mean estimates for each of the four questions).
Analysis
Data were analyzed using SAS statistical software and the analytic sample for this study involved observations from bids on and reported responses to the first pack of cigarettes to which participants were exposed. First, we assessed differences in demographic characteristics across experimental groups using chi-square tests and t-tests. Next, we estimated the mean bids and mean perceived impact for each condition and used a series of independent t-tests to assess the difference between means. The regression models allow us to estimate if any independent variables impacted bids or the perceived impact of warnings and if the same independent variables were statistically significant across models. For both these models, the treatment condition was entered as a dummy variable, with the current warning label condition as the reference group. These analyses were also run after combining just the first two indicators (how much does this warning make you think about the dangers of smoking; how much does the warning make you think about quitting smoking), as they reflected smokers' assessments of personal impacts. The results were similar and are available from the authors upon request.
Results Table I shows the characteristics of the overall sample, as well as of the samples within each cigarette package bid condition. The mean age of participants was 38.0 years old, and 44% of the sample was female. Fifty-five percent of the sample was White, 41% Black and 5% identified as a different ethnic or racial background. Almost half (45%) of the sample had household incomes below $15 000 and 60% had a high school degree or less. Study participants smoked an average of 16.5 cigarettes a day, and 56% indicated they were either currently trying to quit or planning to quit smoking within the next 6 months. No statistically significant differences were found in these characteristics across the four treatment conditions, except for the income variable, where participants in the control group had higher income than participants in the other groups. Table II presents unconditional means for bids and perceived efficacy for each of the four HWLs. Both the experimental auction bids and efficacy scores show the same pattern: participants placed lower bids and had higher ratings of perceived impact for packs with pictorial HWLs. This is also true for each of the four individual questions on the perceived impact of HWLs (see Table AI ), although the magnitudes of the effect appear to be different for each question, with the smallest effects apparent for the question on personal motivation to quit. The differences in mean bids were only statistically significant at the 10% level. The direction and magnitude are similar to our results in Thrasher et al. . The differences in the self-reported response scale were statistically significant at the 5% or 1% level. Participants bid 10.7% less for cigarettes with the pictorial HWL and a plain label, while there was a 22.2% increase in the perceived impact scale. This represents a 107% greater change in the self-reported psychosocial responses than with the bid prices. The difference between the 22.2% change in the perceived impact scale and 10.7% change in bids is statistically significant at the 1% level using a two-sided t-test. Table III shows results from the regression models for bids and perceived impact. With regard The difference between the percentage increase in the total scale score and the percentage increase in bids is statistically significant at the 1% level using a two-sided t-test.
Examining the relationship between psychosocial and behavioral proxies to differences in the evaluation of the warnings, the results are consistent with what was found above. Income and education were unassociated with either bids or perceived impact. However, statistically significant predictors differed across these two outcomes. Participants who were relatively older placed lower bids, while those who identified as other versus White ethnicity, and who smoked relatively more cigarettes per day were more likely to place higher bids. Participants were more likely to perceive warnings as effective if they identified as Black compared to White and if they intended to quit. For the regressions, we also ran models that included interactions between label condition and education, smoking intensity and intention to quit. None of the interaction terms were statistically significant at the 5% level. Those results are not reported here, but are available from the authors upon request.
Discussion
Assessing the impact of product packaging information on purchasing behavior is important to public health researchers and regulators who aim to promote consumption of healthy products. Also important to public health researchers is assessing how different ways of presenting health information influence psychosocial characteristics, including attitudes and intentions. Indeed, if the intent of regulatory policy is to inform consumers rather than change their behavior, then psychosocial outcomes are critical. However, if the policy intent is to change behavior then understanding how psychosocial assessments relate to demand changes will be useful to researchers. Our study collected bids from experimental auctions, which estimate demand and therefore current consumption behavior. We also obtained survey responses on several Likert-type questions to examine perceived effectiveness of labels. The results from our study suggest that bids in an experimental auction and self-reported perceived impact produced relatively consistent responses across alternative warning labels for cigarettes-labels with pictorial elements were associated with both reduced demand for cigarettes and higher perceived impact of the label.
As hypothesized, differences in self-reported, perceived impact of HWLs across conditions were greater than for auction bids (range of up to 22% versus up to 11%). This finding is consistent with economics research that has found hypothetical responses differ from non-hypothetical responses in willingness to pay studies [38, 41] . Self-reported psychosocial responses may inflate the magnitude of impact if the outcome of interest is behavior change. Nevertheless, most psychosocial theories place these psychosocial impacts along the pathway to behavior, while recognizing that they are not perfectly correlated with behavior (1, 21) . Hence, some of the discrepancies around self-reported psychosocial impact and demand may be diminished by the time it translates to behavior. In that way, our results are consistent with the principle that psychosocial changes may be greater than behavioral changes. In this case, the behavior change is the change in demand for cigarettes. Furthermore, participants were asked to bid on the whole product, but the focal stimuli for the psychosocial questions were focused on the warning.
The consistency of results produced by differing methods provides evidence for using either approach when assessing impacts of labeling policy alternatives. More research is needed to verify further this finding across other communication stimuli and situations, including real world impacts of warning label policy implementation; nevertheless, this study suggests that self-reported psychosocial responses and bids produced relatively consistent responses. In addition, we did not find any interactions between treatments and key sociodemographic and smoking-related variables, indicating that while some groups may be willing to bid higher or provide higher self-reported scores, these differences did not appear to vary across treatment conditions.
The consistency of our results across methods is limited, however. Our results suggest researchers should use caution when interpreting magnitude of the changes either based only on bids or only on M. C. Rousu and J. F. Thrasher self-reported measures. We found that effects on demand were less than changes in psycho-social responses. We find no evidence that statistically significant demographic characteristics for psychosocial responses would translate into bid changes. Given that independent variables which were statistically significant in one model were not in the other, researchers should be cautious how they interpret results found based on psychosocial responses, particularly if they suggest that these responses will translate into behavioral change. Change in the upstream factors such as perceptions of harm and quitting thoughts do not necessarily lead to behaviour change because there are many factors beyond the scope of labelling and packaging, such as addiction level and readiness to quit, that determine whether these changes lead to behavior change. More powerful cross-validation research is needed to directly compare self-reported behavioral intentions and bids with each other, as well as an assessment of their predictive validity under naturalistic conditions of policy or program implementation.
Our results indicated that Black smokers indicated greater effectiveness of labels compared to White smokers, which is consistent with the results from Thrasher et al. [15] . We have no explanation for this effect, but it is worth noting that Black smokers did not bid less for cigarettes in the auction. We find those in the 'other' race category, i.e. nonWhite, non-Black smokers, bid less for cigarettes but did not have statistically significant differences in their perceived efficacy. Age was negatively correlated with bid prices, but had no statistically significant effect on perceived efficacy. This is consistent with the idea that those who are older may be more price sensitive regarding cigarette purchases [59] . The number of cigarettes per day had positive effect on bids but not perceived efficacy, while the intention to quit in the next 6-month had a positive effect on perceived efficacy, which has been found in other research [15, 16] , but not on bids. These two findings deserve elaboration. The number of cigarettes smoked per day is an indicator of addiction, and the most consistent predictor of successful smoking cessation [60] . Intention to quit predicts quit attempts and is a more consistent predictor of self-reported efficacy of warnings than level of addiction; however, the relationship between intention to quit and quit success is much less consistent than has been found for level of addition [60] . The differences in our findings may partly reflect this distinction. Purchase tasks may perform better than psychosocial assessments if the goal is to produce longer-term behavioral change. In addition, bidding was done with the warning label presented on the pack, which provides a cue to smokers that is independent of the warning. The warning label assessments, on the other hand, asked participants to focus on the warnings, even though they were presented on the pack. This may also account for the differential findings and their relationship to addiction level and intentions to quit.
There are several limitations of our study. Our behavioral assessment of demand and the 'perceived effectiveness' construct could have been more conceptually isomorphic, as divergence in the conceptual domain that we measured may also help explain divergent results. Our measure of perceived effectiveness included two items that assessed projected effects of the warning on future behavior (quit intention), which shares significant conceptual overlap with demand. The other two questions included in our scale assessed the influence of the warning on risk perceptions, which are proximal causes of behavioral intention according to standard theories used in communication research [1] . We combined these indicators because of their conceptual proximity, their high level of correlation and because of our desire to enhance variation in the psychosocial measure. Future research in this area should include measurement of psychosocial constructs that have a greater conceptual overlap with demand, including those that would assess changes in consumption that are more subtle than quitting altogether.
A second potential shortcoming of our study is that the response options for the ratings were limited to four options and we assigned points to responses that may not adequately reflect the strength of responses. Future research that examines bids versus self-reported responses should consider response options that represent a greater range or options (e.g. a 7-10 point scale) than we Examining the relationship between psychosocial and behavioral proxies used here. Nevertheless, a four-point scale is often used, so this shortcoming may actually be an additional caution for researchers when interpreting Likert-type responses with limited options. Third, the choice of exactly what psychosocial variables to include in a scale scores to include could lead to different results. For example, one of the four responses, on likelihood to quit, had a smaller percentage change than bid change. Furthermore, only two of the four variables specifically addressed behavior change. Further research should examine the consistency of psychosocial reports using more behavioral response questions. A fourth limitation is the order of eliciting bids first and self-reported responses afterwards may have biased results, as participants may have aligned their self-reported psychosocial impact assessments with their previous bids. This may have resulted in a greater correspondence between bids and self-reports than if the order of eliciting responses had been randomized. Future experiments could assess the ordering impact on the relative increase across methods.
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